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The objective of this program is the development of a low 
temperature, low-cost process to combine a wide band gap 
top surface material with silicon to form a heterojunction solar 
cell. The top material, in addition to forming a junction, 
provides an optically transparent window, low resistance contact, 
and an optical match for low reflectivity. The requirements for 
an overall low-cost array require, in addition to a low-cost 
process, a low cost substrate material such as polycrystalline 
silicon. 
Progress during this six month period is best indicated by the 
achievement of an increase in efficiency on polycrystal silicon 
from an initial 2% to over 7% (as measured both at INNOTECH and 
NASA-Lewis facilities). The cells were produced in the 2 cm by 
2 cm and 1 cm by lcm size, with top-side grid metallization. 
The polycrystalline silicon has crystal grains varving from Sum 
to 5 m .  
based glass and the polycrystalline silicon. Voltages of up 
to 475mV were measured under open circuit conditions. 
The junction is an n+/n heterojunction between an SnO2- 
For single crystal substrates, efficiencies verb close to 10% 
were measured. These cells had the same structure as the 
polycrystalline cells described above. Open-circuit voltages 
as high as 529mV were measured. 
Short-circuit current density for single crystal a-proaches 
30mA/cm2 for the polycrystalline units; the shorc-circuit 
is about 90% of the short-current measured for the single crystal 
units. We believe this demonstrates the potential of solar cells 
using polycrystalline materials to achieve 90% of the efficiency 
of a non-textured single-crystal solar cell. 
The cells are n+-type Sn02 based glass on an n-type silicon 
forming an n+/n junction. Theoretical investigation af the 
current genezation model and barrier layer model is underway. 
The built-in voltage and the resulting open-circuit voltage is 
process dependent. 
Work on p+/n heterojunction using In O3-based glass resulted in 
on single crystal material. Values of 337 mV were achieved for 
open-circuit voltage. 
high efficiencies. 
Work on other glass/silicon systems did not show appreciable 
promise. 
photocurrent than the polycrystalline material reported on above. 
cells of 3% efficiency on polycrysta f line material and 4% efficiency 
This low voltage is the main limit f o r  
Cells with fine grain polycrystalline material had lower 
331 
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As the number of grain boundaries increases, further losses in 
current must be tolerated. 
information as to Voc reduction due to reduction of effective 
lifetime with fine grain sizes could not be determined. 
The experiments were limited and 
Initial work on spray coating of glass on silicon substrates 
showed very promising results. 
to a vacuum-free process. 
We believe this method can lead 
The contract work for the next year will be focused towards 
achieving 108 efficiency on polycrystalline materials and 148 
efficiency on single crystal cells. Further understanding of 
the n+/n glass-Si heterojunction w i l l  be a prime effort. We 
are excited about this technology as representing a 
potentially lower cost, viable alternate to diffusion. 
332 
3 0 v) 
5i 
3
 
7
 
0
0
 
a
 
w
 
e
 
u
 
5
 
co 
-4
 
M
 
3
 
a
 
7
 
I 
=
r 
h
 
Q
) 
rt 
i= 
n
 
m
 
2 n 
C
IL 
0
 
t- 3
 
w
 
c3 
Q
: 
a
 
0
.
 
c
 
3 L3 
0
 
C
L
 
m
z 
0
 
0
 
L
 
0
 
4
 
;iz
 
3
 
e
 
0
 
u, 
'zb 
3
 
M
 
u
 
;h
 
M
 
E
 
8
 
n
 
a
 
. 333 
I 
v
)
 
3 c3 
z
 
0
 
I- U
 
s z a a e 
*
 
I- 
2
 
c
p
 
n
 
U
 
c
(
 
s" LL 
u
 
v
)
 
u
 
n
 
L
L
 
m
 
- v) W V CI 
u
 
w
 
e
 
v
)
 
z L1 w v) w I
 
I- 
- 
6
 
w
 
7
 
0
 
p
c
 
a
 
L
 
0
 
L
L
 
0
 
z
 
0
 
c
1
 
z
 . 
U
 
I-
 
ts w 7 
c
 
P
L
 
e
 
v
)
 
I 
v
)
 
3 W 
0
 
v
)
 
m
 
z
 
I- W
 s =: 3 0 V 
L
 
0
 
I- v
) 
v
)
 
2z 
0
 
u
 
C
I
 
u- 
0
 
U
 
v
)
 
w
 
v
)
 
0
 
e
 
e
 
3
 
Q
 
U
 
I- 3
 
U
 
v
)
 
-I 
-J w
 
u
 
w
 
F
 
w
 
fE
 
I- 
L
L
 
0
 
334 
B 
13 
4
 
s d w u pt L 0 z 0 W z c e 0 2 w G; n 
u
 
u
 
v
)
 
\
 
v
)
 
3 c3 c3 z n i- 
v
)
 
x
 
w
 
m
 
z
 
0
 
v
)
 
3
 
0
 
P
L
 
C
I
 
s z 0 5 d w V W N v) Y w c3 3 w u 3 OL a e 
v
)
 
W
 
x
 
a
 
n
 
=
 
T
 
u
 
w
 
I- c3 
2
 
v
)
 
u
 
no CI
 
a z e 3 E n m 335 
3 36 
PROJECT CONCEPTS 
lNCl  DENT RAD I AT1 ON 
T 
LOAD 
SCHEMATIC DIAGRAM OF GLASS-Si HETEROJUNCTION CELL 
ADVANTAGES OF CELL 
1. OPTICALLY TRANSPARENT WINOOW 
2. LOW SERXS RESISTANCE 
3. IOW REFLECTIVITY 
4. LOW COST 
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DNELOPMENT OF AN ECONOMICAL S I L I C O N  SOLAR CELL 
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